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ENHANCED PENETEIATION SYSTEM AND METHOD FOR 
SLIDING MICRONEEDLES 

iFTRLD AND BACK GROUND OF THE INVENTION 
5 The present invention relates to microneedles and, in particular, it concerns an enhanced 

penetration system and method for sliding microneedles. 

Research and development of microneedle arrays has advanced in recent years as part of 
a system for drug delivery or biological sampling. In these applications, the microneedle 
^proach shows clear advantages over competing methods of transfeiring fluids tfarougih skin or 

10 other barriers. In contrast to hypodermic needles, microneedles are paialess, allowing shaUow 
delivery to the epidermis. Unlike many needle applications, microneedle systems can be self 
administered or administered by non professionals. Additionally, the potential risk of accidental 
needle jabs and related injuries is largely avoided. In addition, microneedle based devices 
overcome the molecular size limitations characteristic of conventional transdermal patches, 

15 which are inherentiy limited to small molecules (less than 1,000 dalton and typically less than 
300 dalton). Furthermore, unlike other delivery systems that incorporate an active, usually 
en^gy driven, hole forming mechanism (for example, ultrasound, RF or laser delivery first 
requires making holes in the skin and then applying a topical drug or patch), microneedles are 
able to combine the enhancement/penetration mechanism with the drug itself thereby allowing 

20 easy application of the drug. Examples of such work may be foimd in PCT Publications Nos. 
WOOl/66065 and WO 02/17985, both co-assigned with the present application. These 
pubUcations are hereby incorporated by reference as if set out in their entirety hereia. Other 
relevant publications include WO 99/64580 and WO 00/74763 to Georgia Tech Research Corp., 
as well as in the following scientific publications: "Micro machined needles for the transdermal 

25 delivery of drugs", S. H. S. Henry et al. (MEMS 98, Heildelberg, Gennany, Jan. 1998); "Three 
dimensional hollow micro needle and microtube arrays", D. V. McAllister et al. (Transducer 99, 
Sendai, Japan, Jun. 1999); "An array of hollow micro-capillaries for the controlled injection of 
genetic materials into animal/plant cells", K. Chun et al. (MEMS 99, Orlando,Fl., Jan. 1999); 
and "Injection of DNA into plant and animal tissues with micromechanical piercing structures", 

30 W. Trimmer et al. (IEEE workshop on MEMS, Amsterdam, Jan. 1995). The aforementioned 
PCT applications disclose the use of hollow microneedles to provide a flow path for fluid flow 
through the skin barrier. 



wo 2005/049107 



PCT/IL2004/001065 



2 

While hollow microneedles are potentially an effective structure for transfening fluids 
across a biological hairier, ttie devices proposed to date suffer from a number of drawbacks that 
limit or prevent their functionality. 

Currrat microneedle array de\dces do not reliably penetrate the biological barrier, 

5 preventing or diminishing cross-banier transfer of fluids. In the case of administering drugs 
through human skin, the transfer is ineffective if the microneedle does not pierce at least the 
stratum comeimi layer. In many cases, the skin surface is elastic enough to stretch around each 
microneedle without being pierced. Lack of sharpness of many microneedles exasperates this 
phenomenon. Additionally, flie fragility, especially under sheer forces, of various microneedle 

10 designs limit the penetration force applied to the microneedles, thereby limiting penetration 
efficacy. Further, many microneedle designs include truncated microneedles. Truncation results 
in bofli clogging of the needle channels, and a reduction of sharpness of the needle, again 
leading to poor penetration and poor material delivery. 

Various approaches have been proposed to ensure sufficient penetration into the skiiL 

15 One approach has been to use very long and sharp microneedles. While achieving greater 
penetration, the microneedles produced by this method are more fragile and more difficult to 
manufacture. A different approach is suggested by the aforementioned WO 00/74763 to 
Georgia Tech which proposes vario\is compiicaied meciiaiiicai devices to stretch the skin. U. S. 
Patent No. 6,440,096 to Lastovish et al. discloses an arrangement for stretching the sldn by xise 

20 of a suction cup constructed aroimd the device. Yet another approach is based on diminishing 
the elasticity of the skin by freezing or otherwise changing the mechanical properties of the skin 
prior to penetratioa All of these approaches clearly suffer from complexity of use, and/or 
production, cost issues and potential lack of patient compliance. 

In the field of surgical tools for use during surgical procedures, it is known to use 

25 ultrasonic vibrations to enhance the effect of a cutting or separating tool as in U.S. Patent 
4,832,683 to Idemoto et al. Ultrasonic vibrations have he&a a feature of surgical devices 
intended for use by skilled persoimel, but have not been previously applied to enhance 
penetration of microneedles into a biological barrier. 

It is also knowB to employ a needleless injector as an alternative to a hollow needle for 

30 mjection of fluid into the body. These injectors use a fine stream or "jet" of pressurized liquid to 
penetrate the skin. Early designs used high pressure throughout the injection, to punch a hole 
through the tough stratum comeum and epidwrnis. 
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However, the bulk of tbe injection could then be infused along the initial track under 
mudi lower pressure- U. S. Pat No. 2,704,542 to Scherer and U. S. Pat No. 3,908,651 to Fudge 
disclose examples of this design. Ultimately, the engineering demands of changing the pressure 
during the injection a-nH resulting complexity, the cost, and the pain associated, have limited the 
5 use of such devices. 

In some cases, modem high-pressure needleless jet injectors are driven by pressure from 
a pressurized gas cylinder as exemplified by U. S. Patents Nos. 6,063,053 and 6,264,629. U. 
Patent No. 5,499,972 teaches a jet injection device powered by a powerful cocked spring. Of 
most relevance to the present invention are U. S. Patents Nos. 6,102,896 and 6,224,567 which 
10 teach a jet injection device vvhtra the pressure is generated manually by pressing on a cap. 
When sufiBcient force is applied, a mechanical obstruction is overcome to actuate the pressure 
jet While jet injectors offer advantages of somewtot reduced pain and potentially improved 
hygiene compared to conventional needle injections, they still suffer from many drawbacks. Jet 
injection depends on a specific positioning of the device relative to the site, and any slight 

t r' ^1-—^-. *t.-* ^^^^ r^.«.<4 *^ri4-t% ^^-mf* 1^^f% 4-1^*% «f»l^ r-k'f -tt tMtf^ A /^^T^ T«a+ t-r»< Akt* *'\ TVi f/^ Tn f\T^ 
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constraints are hi^ sheer forces applied on the molecules thereby requiring specific validation 
fcr e3ch formulatioii and us? of non-standnrd drug cartridges. Most notably, sinc6 thpTft is nn 
sealed conduit between the drug supply and the target tissue, significant wastage of the drug 
occurs. This also results in lack of precision in the administered dosage of a drug. Furthermore, 

20 penetration through the strong tissue of the upper layers of the skin requires high activation 
pressures which typically require complex and expensive systems. The use of pm*ely manual 
pressure for activation may raise questions of reliability. Finally, most injectors penetrate to the 
deep subcutaneous and muscle layers and are incapable of shallow, consistent, delivery in the 
epidermis or shallow dermis. This may limit their applicability to applications using those 

25 locations, for example during vaccination delivery. 

WO 03/074102, co-assigned with the present application, which is bcorporated by 
reference for all purposes as if fully set forth herein, teaches improved microneedle penetration 
devices. The device of the aforementioned piiblication uses directional insertion, preferably 
using asymmetric microneedles, such as micropyramids (pyramid shaped microneedles with 

30 cutting edges or blades), to enhance penetration of the biological barrier. It is explained in the 
aforementioned publication that the flexibility of the skm is drought to be pronounced under 
out-of-plane deformations, allowiog the skin to be locally depressed so as to conform to the 
external shape of the microneedles without allowing proper penetration. This effect seriously 
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impedes, or even prevents, fluid transfer via the microneedles. However, directional insertion 
device of the aforementioned publication includes generating a displacement of the microneedle 
substrate relative to the biological barrier, the displacement having a non-zero component 
parallel to the surface of the substrate. In contrast to the out-of-plane flexibUity of the biological 
banier, the in-plane stretching capabilities of the skin are much more limited These contrasting 
properties are familiar to us from everyday experience in which relatively blunt objects which 
do not pierce the skin on localized pressure readily cause scratches under sliding contact 
conditions. As a result of these properties, a penetration vector which mcludes a component 
parallel to the skia surfece tends to be much more effective than direct pressure perpendicular to 
the skin- It is also possible to anchor the skin against in- plane movement around the 
microneedle insertion region, tiiereby further enhancing the sliding penetration effect 

In particular, WO 03/074102 teaches unproved devices using "sliding" asymmetrical 
microneedles havmg a cutting edge. Reference is now made to Figs, la and lb. Fig. la is an 
isometric view of a microneedle 10 that is constructed and operable in accordance witii the prior 
art Fig. lb IS anomer isomeiric view ux miuiuuc^cuic jlv ux i i^. xy±xy^x^xx^^^^^ - 
peaetxating tip 12, a cutting edge 14 and a channel 16 thereiiL Microneedle 10 is robust, has 

very UHUK Waua auu ima a. m i m i i ooj-^o^t xu.Li.w. *^ -c/«w^*^w -^^ j „ — 

100 and 750 microns, a hole diameter of between 25 and 65 microns and a wall thickness 
between 20 and 75 microns. Penetrating tip 12 is extremely sharp. Cutting edge 14 enhances 
penetration of the microneedle by cutting tiie skin tiiereby reducing the surface tension of the 
skin which normally tends to push a microneedle out of flie skin. Microneedle 10 is an example 
of a pyramidal microneedle, generally referred to as a micropyramid. Anotiier example of a 
pyramidal microneedle is described below, describing tiie geometry and other advantages of the 
microneedle in more detail. A tubular microneedle example is also described below. 

Reference is now made to Figs. 2a - 3c. Fig. 2a is a schematic isometric view of a 
pyramidal microneedle 18 that is constructed and operable in accordance with tiie prior art Fig- 
2b is a schematic plan view of microneedle 18 of Fig. 2a. Fig. 2c is a schematic view of a base- 
to-tip vector 20 of microneedle 18 of Fig. 2a. Fig. 3a is a schematic view tubular 
microneedle 22 that is constructed and operable in accordance with tiae prior art Fig, 3b is a 
schematic plan view of microneedle 22 of Fig. 3a. Fig. 3c is a schematiic view of a base-to-tip 
vector 24 of microneedle 22 of Fig. 3a, Microneedle 18 and microneedle 22 are asymmetrical 
such that base-to-tip vector 20 and base-to-tip vector 24, respectively, are non-perpendicular to 
a supporting surface 26 of a substrate 28. The directionality of die "base-to-tip vector" is then 



wo 2005/049107 



PCT/rL2004/001065 



5 

coordinated wifli tbe insCTtion path so as to enhance the penetration effect of the lateral (in- 
plane) displacement component The calculation of the *TDase-to-tip vector" for microneedle 18 
and microneedle 22 is iUustrated gr^hically in Figs. 2c and 3c, respectively. Geometrically, the 
"base4o-1ip vector" is typically defined as a vector firom a centroid of a base area of the 

5 microneedle to a centroid of a penetrating tip of the microneedle. In this context, the "centroid" 
of a shape is a point in the plane of a two-dimensional shape which, when used as an origin, the 
vector sum over the area of the shape is zero, hi other words, the centroid corresponds to the 
center of mass of a thin slice of uniform weight per unit area corresponding to the shape of the 
oross-section. In the case of the microneedles of the present invention, the base centroid is the 

10 centroid of a cross-section of the microneedle form taken in flie plane of surface 26 of 
substrate 28. Shnilarly, the tip centroid is the centroid of the area of a cross-section taken 
through the microneedle tip paraUel to surface 26. In the case of a pointed microneedle, the tip 
centroid is effectively the sharp point itself Microneedle 18 is a disclosed in the aforementioned 
PCT pubUcation no. WO 02/17985, incorporated herein by reference. The base of 

15 microneedle 18 is substantiiaUy triangular such that the centroid fails somewhere near the 
intuitive "center" of tiie triangle. Microneedle 18 has a penetrating tip 30. Penetrating tip 30, on 

the otber hand, is tormed at tne intersecaon oi an mcmicu xai-c wim m i^^v « — j 

upright wall. As a result, the cenlioid of penetrating tip 30 is defined by the penetrating tip 
\vbich is located roughly above one of the comers of flie triangular base. The resulting base-to- 

20 tip vector 20 is illustrated in Fig. 2c and has a significant in-plane component ParentheticaUy, it 
should be noted lhat the microneedle form of Fig. 2a is beUeved to be particularly advantageous 
for the mechanical support it provides to bofli the tip and the upright walls which make is highly 
suited to withstand the directional insertion without breakage. Furthermore, fluid transfer is 
greatly enhanced by use of a microneedle structure where a fluid transfer conduit intersects the 

25 microneedle surfeces at a position proximal to a solid penetrating tip, such as m this structure, 
thereby avoiding plugging of tiie conduit. Referring now to Figs.2b and 3b, there is illustrated a 
fiirther alternative, or additional, preferred feature of the microneedle structure for directional 
insertion through a biological barrier. According to this feature, each microneedle is formed 
with at least two side walls 32 which form a relatively sharp edge 34 between th«n. 

30 Geometrically, a substantially planar face of each side wall is positioned such that an angle 
between the feces as measured in a plane parallel to the microneedle s\q)porting base surfece is 
no greater than 90 degrees, and preferably between 30 degrees and 70 degrees. It should be 
noted that the angle mentioned is defined between the substantially planar portions of Uie faces 
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and does not exclude the possibility of rounding of the edge between the feces. This feature is 
effective in facilitating cutting of the biological bairier during directional insertion, even where 
the edge between the faces is soraevsAat rounded. 

In all cases where this cutting-edge property is used, the direction of insertion is clearly 
chosen to have a component m the direction in which the cutting edge "points", and specifically, 
such that the in-plane component of the insertion direction for at least part of the path of motion 
lies within the range of angles as iUustiated in the plan views of Figs. 2b and 3b, 

Microneedles having cutting edges allow good penetration of the microneedles across a 
biolo^cal barrier. However, flexibility of the biological bairier tends to reduce penetration 
effectiveness evOT for microneedles having cutting edges, which are also known as micro 
blades. 

There is therefore a need for a device and method for enhancing the penetration of a 
biological barrier, particularly the stratum comeum, by microneedles having cutting edges. 

SUMMARY OF THE INVENTION 

The present invention is a microneedle device and method of operation thereof. 

According to the teachings of the present iuveution there is prc\ided, a microneedle 
device for transporting fluid through a surface of a biological barrier, the device comprising: (a) 
a fluid transport configuration including: (i) a substrate having a substantially planar surface; 
and (ii) a plurality of microneedles projecting firom the planar surface, each of the microneedles 
havmg a cutting edge, a penetrating tip, a base area and a height; (b) an abutment member 
having at least one abutment surface for abutting the biological barrier, the abutment member 
being mecham'cally connected to the fluid transport configuration; and (c) a displacement device 
operationally connected to the abutment member, the displacement device configured for 
generating a relative lateral sliding movement between the surface of the biological barrier and 
the fluid transport configuration in a sliding direction of the microneedles, wherein the 
microneedles are arranged so that a leadkig one of the microneedles defines an effective 
area which is void of another of the microneedles, the effective area being defined as an area 
marked out by translatiug the base area of the leading microneedle, by the height of the leading 
microneedle, in a direction opposite to the sliding direction. 

According to a further feature of the present invention, a spacing of the microneedles m 
the sliding direction is at least the square root of 2 times a closest neighbor spacing. 
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According to a fiirthcr feature of the present invention: (a) the abutment member is 
configured as a suction cup, the fluid transport configuration being disposed in the suction cup; 
and (b) the displacement device includes a suction arrangement in fluid connection with the 
suction cup, the suction arrangement being configured for generating suction for pulling the 
5 surface of the biological barrier into the suction cup, the suction cup and &e fluid transport 
configuration being configured such that the surface of the biological barrier slides across the 
planar surface in the sliding direction. 

According to a further feature of the present invention: (a) the abutment surface lies on a 
first plane; (b) the surface of the substrate lies on a second plane; and (c) the first plane is 
10 oblique to the second plane- 
According to a further feature of the present invention, the suction cup has an internal 
suxfece which is axis asymmetrical. 

According to a further feature of the present invention, the suction cup includes a side 
trough in fluid connection with the suction arrangement^ the suction arrangonent and the side 
15 trough being configured such that, after the surface of the bioiogicai bauicf has made contact 
with the microneedles, the biological barrier is pulled into the side trough thereby pulling the 
surface of the biological barrier across the surface uf the substrate. 

According to a further feature of the present invention, the displacement device 
mechanically linlcR the abutment member and the fluid transport configuration, the displacement 
20 device defining a path of movement of the fluid transport configuration relative to the abutment 
surface, at least part of the path of movement having a non-zero component parallel to the 
surfece of the substrate. 

According to a further feature of the present invention, the suction airangement includes 
a suction plunger, the suction arrangement being configured for generating suction for pulling 
25 the surfece of the biological barrier into the suction cup with a single one-directional movement 
of the suction plunger to a retracted position in the suction arrangement 

According to a fiirther feature of the present invention, the suction arrangement includes 
a locking mechanism for retaining the suction plxmger in the retracted position. 

According to a further feature of the present invention, there is also provided a fluid 
30 injection plunger arrangement having a fluid plunger, flie fluid injection plunger arrangement 
being in fluid connection with the fluid transport configuration, such tijat depressing the fluid 
plxmger delivers the fluid via the fluid transport configuration. 



wo 2U05/049107 



PCT/IL2004/001065 



8 

Accorfing to a fiirlfaer feature of the present invention, the fluid injection plunger 
arrangement is disposed vnttiin the suction arrangemenL 

According to a furflier feature of the present invention, there is also provided a priming 
port in fluid connection with the fluid mjection plunger arrangement, the priming port being 
5 configured for providing a fluid connection between an external s\q)ply of the fluid and the flmd 
injection plunger axrangemoit during filling of the fluid injection plunger arrangement with tiie 
fluid. 

According to a further feature of the present invention, tiie fluid mjection plunger 
arrangement has a movement restriction arrangement configured to prevent negative pressure 
1 0 within the suction cap from pulling down the fluid plunger. 

According to a further feature of tiie present invention, at least one of the fluid transport 
configuration and the abutment member are configured such that, a leading one of the rows of 
the microneedles contacts the biological barrier prior to a trailing one of the rows of the 
microneedles contacting the biological barrier. 
15 Accordmg to a further feature of the present invention, the displacement device is 

mechanically connected to the abutment member and the fluid transport configuration, the 
displacement device defining a rotationai path of movement of the fluid kausipoit corLuguraUon 
Illative to the abutment member. 

According to a further feature of tiie present invention, tiie rotational patii of movement 
20 is about an axis substantially parallel to tiie initial orientation of tiie surface of the biological 
barrier- 

According to the teachings of the present invention there is also provided a microneedle 
device for transporting fluid across a biologjcal barrier, flie device comprising: (a) a fluid 
transport configuration including: (i) a substrate having a substantially planar surface; and (ii) a 

25 plurality of microneedles projecting &om tiie surface, each of the microneedles having a 
penetrating tip, a cutting edge, a base area and a height; (b) an abutment member ha^dng at least 
one abutment surface for abutting tiie biological barrier, and(c) a displacement device 
mechanically linking the abutment member and the fluid transport configuration, the 
displacement device defining a path of movement of tiie fluid transport configuration relative to 

30 tiie abutment surface, at least part of tiie pafli of movement having a non-zero component 
parallel to tiie planar surface; wherehi tiie microneedles are arranged so that a leading one of tiie 
microneedles defines an effective area which is void of another of the microneedles, tiie 
efiective area being defined as an area marked out by translating tiie base area of the leading 
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microneedle, by the height of the leading niicroneedle, in a direction opposite to the non-z^o 
component 

According to a further feature of the present invention, a spacing of the microneedles in 
the direction is at least the square root of 2 tunes a closest neighbor spacing. 
5 According to the teachings of the present mvention there is also provided a microneedle 

device for transporting flidd across a biological bauier, the device comprising: (a) a substrate 
defining a substantiaUy planar surface; and (b) a plurality of microneedles projecting from tiae 
surface, each of the miCToneedles having a pmetratkig tip, a cuttmg edge, a base area and a 
height, each of the microneedles having a base-to-tip vector defined as a vector from a centroid 
10 of &e base area to a centroid of the penetrating tip, the microneedles being asymmetrical such 
that the base-to-tip vector is non-perpendicular to the surface, a direction parallel to a projection 
of tiiie base-to-tip vector on to the planar surface being taken to define a penetration direction, 
the microneedles being arranged so that a leading one of the microneedles defines an effective 
area which is void of another of the microneedles, the effective area being defined as an area 
15 marked out by translating the base area of the leading microneedle, by the height of the leading 
microneedle, in a direction opposite to the penetration direction. 

According to a ftirther feature of the present invention, a spacing of iLc juiicioaeedles in 
the penetration direction is at least tiie square root of 2 times a closest neighbor spacing. 

According to the teachmgs of the present invention there is also provided a microneedle 
20 device for transporting fluid tibrough a surface of a biological barrier, the device comprising: (a) 
a fluid transport configuration including: (i) a substrate having a surface; and (li) a plurality of 
microneedles projecting from the surface of the substrate, each of the microneedles having a 
penetiatiDg tip and a cutting edge, the microneedles bemg arranged in a plurality of rows; (b) an 
abutment member having at least one abutment surfece for abutting the biological barrier, the 
25 abutment member being mechanically connected to the fluid transport configuration; and a (c) 
displacement device operationally connected to (txt abutment member, the displacement device 
configured for generating a relative lateral sliding movement between ti^e fluid transport 
configuration and the surface of the biological barrier, at least one of the fluid transport 
configuration and the abutment member being configured such that, a leading one of the rows of 
30 tiie microneedles contacts the biological barrier prior to a trailing one of the rows of the 
microneedles contacting the biological barrier. 

According to a further feature of the present invention, the displacement device 
mechanically iinV<i the abutment member and the fluid transport configurati^on, tiie displacement 



wo 2005/049107 



PCT/IL2004/001065 



10 

device defining a path of movement of the fluid transport configuration relative to the abutment 
surface, at least part of the path of movement having a non-zero component parallel to the 
surface of the substrate. 

According to a further feature of the present invention: (a) the abutment member is 

5 configured as a suction cup, the fluid transport configuration being disposed in the suction cup; 
and (b) the displacement device includes a suction arrangement in fluid connection with the 
suction cup, the suction arrangement being configured for generating suction for pulling the 
surface of the biological barrier into tiie suction cup thereby generating the relative lateral 
sliding movement between the fluid transport configuration and the surface of the biological 

10 barrier. 

According to a further feature of the present invention: (a) the abutment surface lies on a 
first plane; (b) the surface of the substrate lies on a second plane; and (c) tiie first plane is 
oblique to the second plane. 

According to a fiirther feature of the present invention, the suction cup has an internal 
1 5 surface which is axis asymmetrical. 

According to a further feature of the present invention, the suction cup includes a side 
trough in fluid connection with the suction arrangement, the suciion aiiangemeut aad the side 
trough being configured such that, after tiie surface of tiie biological barrier has made contact 
with the microneedles, tiie biological banier is pulled into tiie side trough tiiereby pulling tiie 
20 surface of the biological barrier across the surfece of the substrate. 

According to the teachings of the present invention there is also provided a microneedle 
device for transporting a fluid through a surface of a biological barrier, tiie device 
comprising: (a) a fluid transport configuration including: (i) a substrate having a surface; 
and (ii) a plurality of microneedles projecting from the surface; (b) an abutment member 
25 configured as a suction cup having at least one abutment surface for abutting tiie biological 
barrier, the fluid transport configuration being disposed in the suction cup; and(c) a 
displacement device including a suction anangement in fluid connection with tiie suction cup, 
the suction arrangement including a suction plunger, the suction arrangement being configured 
for generating suction for pulling tiie surfece of tiie biological barrier mto the suction cup witii a 
30 single one-directional movement of the suction plunger to a retracted position in the suction 
arrangement 

According to a further feature of the present invention, each of the microneedles has a 
cutting edge and a penetrating tip. 
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Accsording to a further feature of the present inventioii, the suction arrangement includes 
a locking mechanism for retaining the suction plunger in the retracted position. 

According to a further feature of the present invention^ there is also provided a fluid 
injection plunger arrangement having a fluid plunger, the fluid injection plunger arrangement 
5 being m fluid connection with the fluid transport configuration, such that depressiug the fluid 
plunger delivers the fluid via the fluid transport configuration. 

According to a further feature of the present invention, the fluid injection plunger 
arrangement is disposed within the suction airangement 

According to a further feature of the present invention, there is. also provided a priming 
10 port in fluid connection with the fluid irgection plunger arrangement, the priming port being 
configured for providing a fluid connection between an external supply of the fluid and the fluid 
injection plunger arrangement during filling o£ the fluid injection plunger anangement with the 
fluid 

According to a further feature of the present ravention, the fluid injection plunger 

15 arrangement has a movement restriction an^gement configured to prevent negative pressure 
within the suction cup from pulling down the fllxiid plunger, 

Accordiag to the teachings of the present invention there is also provided a roicrcnccdle 
device for transporting fluid through a surface of a biological barrier, the device comprising: (a) 
a fluid transport configuration including: CO a substrate having a surface; and (ii) a plurality of 

20 microneedles projecting from the surface of the substrate, each of the microneedles having a 
penetrating tip and a cutting edge; (b) an abutment member configured as a suction cup, the 
fluid transport configuration being disposed ixi the suction cup; and (c) a displacement device 
including a suction arrangement in fluid connection with the suction cup, the suction 
arrangement being configured for generating suction for pulling the surface of the biological 

25 barrier into the suction cup tiiereby generating a relative lateral sliding movement between the 
fluid transport configuration and the surface of the biological barrier. 

Accordmg to the teachings of the present invention there is also provided a microneedle 
device for transporting fluid tiirough a surface of a biolo^cal barrier, the device comprising: (a) 
a fluid transport configuration including: a (i) substrate having a surface; and (ii) a plurality of 

30 microneedles projectmg from the surface; (b) an abutment member having at least one abutment 
surfece for abutting the biological barrier; andCc) a displacement device mechanically 
cormected to the abutment member and tiie fluid transport configuration, the displacement 
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device defining a rotational pafh of movement of the fluid transport configuration relative to the 
abutment member. 

According to a further feature of the present invention, the rotational paQi of movement 
is about an axis substantially parallel to the initial orientation of the surfece of the biological 
5 barrier. 

According to a further feature of the present invmtion, each of the microneedles has a 
cutting edge and a penetrating tip. 

BRIEF DESCRIPTTON OF THE DRAWINGS 
10 The invention is herein described, by way of example only, with reference to the 

accompan3dng drawings, wherein: 

Fig. la is an isometric view of a microneedle that is constructed and operable in 
accordance with the prior art; 

Fig. lb is another isometdc view of the microneedle of Fig- la; 
15 Fig. 2a is a schematic isometric view of a pyramidal microneedle that is constructed and 

operable in accordance wifli the prior art; 

Fig. 2b is a schematic plan view of the microneedle ot t* ig. 2a; 
Fig. 2c is a schematic view of a base-to-tip vector of the microneedle of Fig. 2a; 
Fig. 3a is a schematic view tubular microneedle that is constructed and operable in 
20 accordance with the prior art; 

Fig. 3b is a schematic plan view of the microneedle of Fig. 3a; 
Fig. 3c is a schematic view of a base-to-tip vector of the microneedle of Fig. 3a; 
Fig. 4 is a schematic isometric view of a fluid transport configuration that is constructed 
and operable in accordance with a preferred embodiment of the present invention; 
25 Fig. 5 is a schematic side view of a fluid transport configuration that is constructed and 

operable m accordance with an alternate embodiment of the present invention; 

Fig. 6 is a schematic side view of a microneedle device including the fluid transport 

configuration of Fig. 4; 

Fig. 7 b a schematic side view of a microneedle device including the fluid transport 

30 configuration of Fig. 5; 

Fig. 8a is an axial sectional view of a microneedle device including the fluid transport 

configuration of Fig. 5; 

Fig. 8b is an exploded view of the microneedle device of Fig. 8a; 
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Fig. 8c is a view of the microneedle device of Fig. 8a after fluid is drawn therein; 
Fig. 8d is a view of the micionBedle device of Fig- 8c after the biological barrier pulled 
tharein; 

Fig. 8e is an ejqpanded view of the lower section of the microneedle device of Fig. 8d; 
5 Fig. 8f is a view of the microneedle device of Fig. 8d after the fluid is delivered through 

the surface of the biolo^cal barrien 

Fig. 9 is a cross-sectional view of a microneedle device employing the concept of the 
fluid transport configuration of Fig. 5; 

Fig. 10 is a cross-sectional view of a microneedle device including the fluid transport 
10 configuration of Fig. 4; 

Fig. 1 la is an isometric view of a microneedle device which is constructed and operable 
in accordance with a preferred embodiment of the present invention; 

Fig. lib is apian view of the device of Fig. 11a; 

Fig. 1 1 c is a cross-sectional view through line A-A of Fig. 1 1 b prior to use of the device; 
15 Fig. 1 Id is a cross-sectional view through line B-B of Fig. 1 lb prior to use of the device; 

Fig. 1 1 e is a cross-sectional view through line A-A of Fig. 1 lb showing the device in an 
intermediate position; 

Fig. 1 If is a cross-sectional view through Une A-A of Fig. 1 lb showing the device in a 
final position; 

20 Fig. llg is an expanded view of region B of Fig. 11c showing the device prior to 

ioserdon into the biological barrier; 

Fig. llh is an expanded view of region C of Fig. llf showing the device inserted into 
the biological barrier; 

Fig. Hi is a partial cross-sectional view of a microneedle device prior to insertion into 
25 the biological barrier having microneedles facing the opposite direction to that of the device of 
Fig. 11a; and 

Fig. llj is a view of the microneedle device of Fig. Hi inserted into the biological 

barrier. 



30 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is a microneedle device and method of operation thereof. 
The principles and operation of a microneedle device according to the present invention 
may be better und^tstood with reference to the drawings and flie accompanying description. 
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As described hereinabove, WO 03/074102, co-assigned with the present application, 
teaches improved microneedle penetration devices using directional insertion, preferably using 
asymmetric microneedles, to enhance penetration of the biological barrier. It is explained in the 
aforementioned publication that the flexibility of the skin is particularly pronounced under out- 
5 of-plane defonnations, allowing fihe skin to be locally depressed so as to conform to the external 
shape of the microneedles without allowing proper penetration- This effect seriously impedes, 
or even prevents, fluid transfer visL the microneedles. However, the directional insertion device 
includes generating a displacement of the microneedle substrate surface relative to the 
biological barrier, the displacement having a non-zero component parallel to tbe surface of the 

10 substrate. In contrast to the out-of-plane flexibility of the biolo^cal barrier, the in-plane 
stretching capabilities of the skin are much more limited. These contrasting properties are 
fiyni'Iiflr to US from cveiyday ©qperience in which relatively blunt objects which do not pierce 
the skin on localized pressure readily cause scratches under sliding contact conditions. As a 
result of these properties, a penetration vector which includes a component parallel to tiie skin 

15 surface tends to be much more effective fean direct pressure perpendicular to the skiuu 

Directional insertion represents a great hnprovement over other existing microneedle 
insertion devices. Nevertheless, it has been found that the penetration effect of the uirct^uouol 
msertion device can be improved. Particularly, it has been foxmd that the penetration and/or 
cutting effectiveness (if the microneedle has a cutting edge) of a leading microneedle in an array 

20 is reduced by a trailing microneedle in the same array, due to tension release created by the 
trailing needle on the biological barrier. The above problem is not limited to the first row of 
microneedles in an array, but to every row of microneedles in an array which has another row of 
microneedles trailing behind it 

The above problem is removed or greatly reduced by either arranging the microneedles 

25 using a specific layout, as vwll be explained in more detail with reference to Fig. 4, and/or by 
ensuring that a leading row of microneedles makes contact with the biological barrier before a 
trailing row of microneedles makes contact with the biological barrier, as will be explained m 
more detail with reference to Fig. 5. 

Reference is now made to Fig. 4, which is a schematic isometric view of a fluid 

30 transport configuration 40 fliat is constructed and operable in accordance with a preferred 
embodiment of the present invention. Fluid transport configuration 40 includes a substrate 42 
defining a substantially planar surface 44. Fluid transport configuration 40 also includes a 
plurality of microneedles 46 projecting from surface 44. Each microneedle 46 is a 
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niicropyramid having a cutting edge 48, a penetrating tip 50, a height 52 and a base area 54. 
Hei^t52 is the hci^ of the miooneedle as measured peipendicularly from suifece44. 
Height 52 is ^ically the shortest distance from penetrating tip 50 to surfece44. Each 
microneedle 46 has a base-to-tip vector defined as a vector from a centroid of base area 54 to a 
centroid of penetrating tip 50. The term Ijase-to-lip" vector has been defined herein above with 
refermce to Figs. 2c and 3c. Microneedles 46 are asynmietrical such that tiieir base-to-tip vector 
is non-popendicular to surfece 44. A direction paraUel to a projection of Ae base-to-tip vector 
on to surfece 44 is taken to defiuae a penetration direction, T. It will be e^precialed by those 
ordinarily skilled m the art that fluid transport configuration 40 is generaUy included as part of a 
directional insation device (not shown) which defines a relative path of motion of fluid 
transport configuration 40 such that the path of motion has a component, N, perpendicular to 
surfece 44 and a conqjonent paraUel to surface 44 in penetration direction, T also termed a 
"slidmg direction" of miraoneedles 46. Therefore, the directional insertion device generates a 
relative lateral sliding movement between fluid transport configuration 40 and a surface of a 
biolopcal barrier. The term "relative lateral sliding movement ^ is defined to include either 
movement of fluid transport configuration 40 across the surface of the biological barrier or 
movement of the surface of the biological barrier across a sutiiouary fluid transpcrt 
configuration 40 or a combination of both. Suitable directional insertion devices are described 
below with reference to Figs. 6 to 1 li. 

Microneedles 46 are arranged in rows perpendicular to penetration direction, T. In order 
to reduce or eliminate the pulling effect of a trailing microneedle on a leading microneedle, 
microneedles 46 are arranged so that a leading microneedle 47 defines an effective area 49 
behind leading microneedle 47 which is void of another microneedle. Area 49 is defined by the 
area marked out by translating base area 54 of leading microneedle 47 by height 52 of leading 
miraoneedle 47 in a direction opposite to penetration direction, T. 

AdditionaDy, in order to maximize the microneedles density, while still keeping to the 
abovementioned spacing criteria, the microneedle spacing va. penetration direction, T is at least 
the square root of 2, times the closest neighbor spacing. The tenm "spacing" is defined as the 
distance between centroids of the base areas of the microneedles. 

It will be appreciated by those ordinarily skilled in the art that many layout patterns are 
possible within the above guidelines, as long as the microneedles are spaced so that an 
"effective area" behind a leading microneedle is not occupied by a trailing microneedle. 
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Reference is now made to Fig. 5, which is a schematic side view of a fluid transport 
configuration 70 that is constructed and opwable in accordaace with an alternate embodiment of 
the present invention. Fluid transport configuration 70 includes a substrate 72 having a 
suifece74. Fluid transport configuration 70 also includes a plurality of microneedles 76 

5 projecting from surface 74. Each microneedle 76 is a micropyramid having a cutting edge 78 
and a penetrating tip 80. KCcroneedles 76 are arranged in a plurality of rows 82, Fluid transport 
configuration 70 is generally included as part of a of a directional insertion device (not shown). 
Suitable directional insertion devices are described with reference to Figs. 7 to Hi. The 
directional insertion device defines a path of motion of fluid transport configuration 70 such tiiat 

10 the pafh of motion has a component, AT, perpendicular to a surface 84 of a biological hairier 86 
and a component parallel to surfece 84 in penetration direction, T. Therefore, the directional 
insertion device generates a relative lateral sliding movement between fluid transport 
configuration 70 and surface 84 of biological barrier 86. The tenn "relative lateral sliding 
movement" is defined to include either movement of fluid transport configuration 70 across 

15 surface 84 of biological barrier 86 or movement of surfece 84 of biological barrier 86 across a 
stationary fluid transport configuration 70 or a combination of botk In order to reduce or 
eliminate the pulling eflfect of a trailing microneedle on a leading microneedle, the diiwUoual 
insertion device including fluid transport configuration 70 is configured such that a leading 
row 88 of microneedles 76 contacts surface 84 of biological barrier 86 prior to a trailing row 90 

20 of microneedles 76 contacting surface 84 of biological barrier 86. The directional insertion 
device including fluid transport configuration 70 is preferably configured such that leading 
row 88 at least partiafly cuts into surface 84 prior to a txailmg row 90 of microneedles 76 
contacting surface 84 of biological hairier 86. 

In accordance with a most preferred embodimeot of the present invention, fluid transport 

25 configuration 70 incorporates the microneedle layout detemdned by the criteria described with 
reference to Fig. 4, above. 

Reference is now made to Fig. 6, which is a schematic side view of a microneedle 
device 92 mcluding fluid transport configuration 40 of Fig- 4. Microneedle device 92 operates 
substantially flie same as the directional insertion devices taught with reference to WO 

30 03/074102 except that the fluid transport configuration is the same as fluid transport 
configuration 40 and tiierefore die microneedle layout is determined by the criteria described 
with reference to Fig. 4, above. Microneedle device 92 includes an abutment member 94 having 
at least one abutment surface 96 for abutting a biological hairier 98. IVQcroneedle device 92 also 
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includes a displacement device 100 mechanically linking abutment member 94 and flnid 
transport configuration 40. Displacement device lOO defines a path of movement of fluid 
transport configuration 40 relative to abutment surface 96. Part of the path of movement has a 
non-zero component parallel to surface 44 of substrate 42 of fluid transport configuration 40. 
5 The penetration direction of microneedles 46 is defined by the non-zero component of the path 
of movement parallel to surface 44. As described above with reference to Fig. 4, the 
"penetration direction" or "sliding direction" of microneedles 46 is also defined by the base-to- 
tip vector of microneedles 46. However, it should be noted that if the penetration (or sliding) 
direction of the microneedles as defined by the directional insertion device is not the "natural" 
10 sliding direction of fee microneedles (as defined by the geometry of the microneedles), then the 
penetration direction defined by the directional insertion device prevails as the operative 
definition of the penetration or sliding direction. An example of this is the embodiment of Figs, 
lla-h. 

It is clear, that for efiective microneedle penetration, the penetration direction defined by 

15 the base-to-tip vector of microneedles 46 is the same as the penetration direction defined by the 
path of movement of fluid transport configuration 40 as defined by displacement device 100. 

Reference is now made to Fig. 7, which is a schematic side view of a microneedles 
device 102 including fluid transport configuration 70 of Fig. 5. Microneedle device 102 is 
substantially the same as the directional insertion devices taught with reference to WO 

20 03/074102 except for the difierences described hereinbelow. Microneedle device 102 includes 
an abutment member 108 having at least one abutment surface 110 for abutting a surface 104 of 
a biological barrier 106. Microneedle device 102 includes a displacement device 112 
mechanically linking abutment member 108 and fluid transport configuration 70. Displacement 
device 112 defines a path of movement of fluid transport configuration 70 relative to abutment 

25 surfece 110. Part of the paA of movement has a non-zero component parallel to surface 74 of 
substrate 72. Therefore, displacement device 112 generates a relative lateral sliding movement 
between fluid transport configuration 70 and surface 104 of biological hairier 106. Microneedle 
device 102 is configured so that leading row 88 of microneedles 76 contacts surface 104 of 
biological barrier 106 prior to trailing row 90 of microneedles 76 contacting siurfece 104 of 

30 biological barrier 106. This effect is typically achieved by slanting surface 74 of fluid transport 
configuration 70 witii respect to abutment surface 110. The slant of surface 74 with respect to 
abutment surface 110 is typically between 5 and 25 degrees depending on the microneedle 
spacing which is typically between 500 and 700 microns between rows. Reference is now made 
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to Figs. 8a and 8b. Fig. 8a is an axial sectional view of a microneedle device 114 including fluid 
transport configuration 70 of Fig. 5. Fig. 8b is an exploded view of device 114 of Fig. 8a. 
Device 114 is a suction device configured for bringing a surface 118 of a biological barrier 116 
into contact with microneedles 76 of fluid transport configuration 70 so that leading row 88 of 

5 microneedles 76 contacts surface 118 of biological barrier 116 prior to trailing row 90 of 
microneedles 76 contacting surfecellS of biological baiTierll6. Additionally, device 114 
creates a lateral sliding motion between surface 118 of biological barrier 116 and 
microneedles 76 of fluid transport configuration 70, as will be described in more detail, below. 
Device 114 includes an abutment member 120 including a suction cup 122 having a continuous 

10 abutment surface 124. Fluid transport configuration 70 is disposed centrally in suction cup 122, 
Fluid transport configuration 70 is slanted vath respect to abutment surface 124 such that 
abutment surface 124 lies of a first plane and surface 74 of fluid transport configuration 70 lies 
on a second plane, the first plane bemg oblique to flie second plane. Device 114 includes a 
displacement device 126 mcluding a suction arrangement 128 in fluid connection with suction 

15 cup 122. Suction arrangement 128 mcludes a suction plunger 130 disposed in a plunger 
housing 132. Plunger housing 132 is rigidly mechanically connected to abutment member 120. 
Suction airangement 128 is configured for generating suction for pxiliing surfiiccllS of 
biological barrier 116 into suction cup 122 with a single oae-directional movement of suction 
plunger 130 to a retracted position in suction arrangement 128, thereby generating a relative 

20 lateral sliding movement between microneedles 76 of fluid transport configuration 70 and 
surfece 118 of biological barrier 116. The suction generated by suction arrangement 128 exerts 
a pulling force on biolo^cal barrier 116 so that biological barrier 116 is pulled evenly into 
suction cup 122. As surface 118 of biological barrier 116 makes contact with leading row 88 of 
microneedles 76, microneedles 76 anchor a region of surface 118 of biological barrier 116, The 

25 firee portion of biological barrier 116 (in other words, the portion of biological barrier 116 not 
restricted by the anchoring elSect) is pulled further into suction cup 122 thereby stretching 
surface 118 and creating a lateral slidmg movement between microneedles 76 of leading row 88 
as these microneedles 76 cut surfece 118. Surface 118 is then anchored by the next row of 
microneedles 76 and the skin is pulled by the suction and stretched and the anchored 

30 microneedles 76 cut surface 118. This process continues until biological barrier 116 fills the 
cavity of suction cup 122 as shown best in Fig, 8d, Device 114 also mcludes a fluid injection 
plunger airangement 134 having a fluid plunger 136. Fluid injection plunger arrangement 134 is 
disposed within suction anangement 128 so that fluid injection plunger arrangement 134 and 
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suction anangement 128 share a common wall of plunger housing 132. Fluid injection plunger 
aixangement 134 and suction arrangement 128 fonn a coaxial arrangement This coaxial 
anangement has many advantages, including ease of use whereby suction of biological 
barrier 116 and injection of fluid into biological barrier 116 can be performed wifli the same 
5 hand. Fluid injection plunger arrangement 134 is in fluid connection with fluid transport 
configuration 70 such tiiat depressing fluid plunger 136 delivers the fluid via microneedles 76 of 
fluid transport configuration 70. Priming of fluid injection plunger arrangement 134 is described 
in more detail with reference to Fig. Sc. Injection of the fluid is described with reference to Fig. 
8f. 

10 RefCTOTce is now made to Fig. 8c, which is a view of device 114 of Fig. 8a after the 

fluid is drawn therein- Device 114 also includes a priming port 138 disposed in the side of 
abutment member 120. A regular syringe having a prefixed dose of medication is brought into 
contact wilii priming port 138. Priming port 138 is configured for providing a fluid connection 
be^veen flie regular syringe (an external supply of flie fluid) and fluid injection plunger 

15 arrangement 134 during filling of fluid injection plunger arrangement 134 with the Ami 
Priming port 138 is in fluid connection with fluid injection plunger arrangement 134 such that 
retraction of fluid plunger 136 draws tiie fluid into fluid injection plunger arrangement 154 via 
priming port 138 from the regular syringe. However, it will be appreciated by tiiose ordinarily 
skilled in the art that fluid injection plunger arrangement 134 can be filled by depressing on the 

20 plunger of tiie regular syringe. Priming port 138 includes a pierceable non-cored septum (not 
shown), v/tnch acts like a one way valve for preventing the fluid being forced through priming 
port 138 when fluid plunger 136 is depressed. Additionally, tiiere is a one-way valve (not 
shown) disposed between fluid injection plunger arrangement 134 and fluid transport 
configuration 70 for preventing air being sucked into fluid injection plunger arrangement 134 

25 via microneedles 76 when fluid is sucked into fluid injection plunger 
arrangement 134.Reference is now made to Figs. 8d and 8e. Fig. 8d is a view of device 114 of 
Fig- 8c after biological barrier 116 is pulled therein. Fig. 8e is an expanded view of the lower 
section of device 114 of Fig. 8d. Fluid injection plunger arrangement 134 has a movement 
restriction anangement 140 configured to prevent negative pressure wifliin suction cup 122 

30 from pulling fluid plunger 136 toward suction cup 122 and thereby dispensing the fluid before 
biological barrier 116 has been penetrated by microneedles 76, Movement restriction 
arrangement 140 includes a projection 142 projecting radially from fluid plunger 136. Once 
fluid plunger 136 has been retracted projection 142 engages into a recess 144 in plunger 
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housing 132 hereby preveating negative pressure in suction ciq)122 from pulling fluid 
plunger 136. Projection 142 is released from recess 144 by pushing on the handle of fluid 
plunger 136 with a force greater than a TninlimiTn threshold value. Due to the small diameter of 
fluid injection plunger arrangement 134, the required threshold force is achievable by every 
5 user. Fluid injection plunger anangraient 134 also includes another projection 146 projecting 
radially from fluid plunger 136, Projection 146 moves longitudinally within a slot 148 disposed 
within plunger housing 132 in order to prevent rotation of fluid plunger 136 within plunger 
housing 132. This rotation could neutralize the functionality of movement restriction 
arrangement 140. AdditionaUy, projection 146 also ensure proper positioning of fluid 
1 0 plunger 136 in fluid injection plunger arrangement 134. 

Suction arrangement 128 includes a locking mechanism 150 for retaining suction 
plunger 130 m a retracted position- Locking mechanism 150 includes two resilient arms 152. 
Resilient arms 152 are stored within plunger housing 132 while suction plunger 130 is 
depressed (best seen m Fig. 8c). When suction plunger 130 is retracted, resilient arms 152 are 
IS released fcom plunger housing 132 so tiiat resilient arms 152 expand. Suction plunger 150 
cannot be pulled into plunger housing 132 as resilient arms 152 rest on the top surface of 
plunger housing 132 tiiereby preventing downward movemMit of suction plunger 150. Lu^kiBg 
mechanism 150 also controls the suction level required for optimal operation of device 114. 
Due to effects of fatigue in plastics, resilient arms 152 are kept under low (below 25% of yield) 
20 stress during shelf life to maintain their flexibility. 

Reference is now made to Fig, 8f, \^*ich is a view of device 114 of Fig. 8d after tiie fluid 
is delivered flarough surface 118 of biological barrier 116. The fluid is delivered by depressing 
fluid plunger 136, After injection of the fluid, resilient aims 152 are compressed tiiereby 
allowing suction plunger 130 to be depressed for releasing tiie suction on biological barrier 116. 
25 Reference is now made to Fig. 9, which is a cross-sectional view of a lower section of a 

microneedle device 154 employing the concept of fluid transport configuration 70 of Fig. 5. 
Device 154 is substantially tiie same as device 114 of Figs. Sa-f except for tiie following 
differences. Device 154 has a suction cup 156 which has an abutment surfece 158. Device also 
has a suction arrangement 176. Device 154 has a fluid transport configuration 160 including a 
30 substrate 178 having a surface 180. Surface 180 has a plurality of microneedles 162 disposed 
fliereon- Each microneedle 162 includes a penetrating tip and a cutting edge. Suction cup 156 
has an internal surface which is axis asymmetrical. The term "axis asymmetrical" is defined 
with reference to suction cup 156 not having an axis of symmetry. The embodiment of suction 
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cup 156 shows an asymmetric cup formed by configuring the slant of flie interior walls of 
suction cup 156 to have different gradients, one part 164 has a shallow gradient and one 
part 166 has a steep gradient However, it will be appreciated by those ordinarily skilled in the 
art that axis asymmetry can be adiieved in other ways, for example, but not limited to forming 

5 the abutment surface area as a non-circular shape such as, egg shaped. The axis asymmetry of 
suction cup 156 ensures tiiat the pulling force on a surface 168 of a biological barrier 170 is 
uneven. Therefore, when biological barrier 170 is pulled in to suctioa cup 156 via the suction, a 
leading row of microneedles 162 contacts surfece 168 before a trailing row of microneedles 162 
contacts surface 168. Additionally, the anchoring and stretchmg effects of biological barrier 170 

10 as described with reference to device 114 also occur with device 154. Parenthetically, suction 
asp 122 of device 114 also has an axis asymmetrical suction cup 122 caused by slating fluid 
transport configuration 70. Nevertheless, biological barrier 116 is pulled evenly by device 114 
until it makes contact with fluid transport configuration 70 as the lower portion of suction 
cup 122 is symmetrical. 

15 Suction ciq)156 also includes a side trough 174 in fluid connection with suction 

arrangement 176. Suction arrangement 176 and side trough 174 are configured so tiiat suction 
arrangement 176 pulls biological barrier 170 via side trough 174. Therefore, after surface 168 of 
biological barrier 170 has made contact witii microneedles 162, biological barrier 170 is pulled 
into side trough 174 thereby pulling surface 168 of biological barrier 170 across surface 180 of 

20 substrate 178. 

Reference is now made to Fig. 10, which is a cross-sectional view of a lower section of a 
microneedle device 182 including fluid transport configuration 40 of Fig. 4. Device 182 
includes an abutment member 184 including a suction cup 186 having an abutment surface 188 
for abutting a surface 190 of a biological barrier 192. Fluid traosport configuration 40 is 

25 disposed in suction cup 186 so tiiat the surface of fluid transport configuration 40 lies on a plane 
which is parallel to a plane defined by abutment surface 188. Suction cup 186 has a side 
trough 196. Device 182 includes a suction arrangement 194 in fluid connection with side 
trough 196 of suction cup 186. Suction arrangement 194 generates suction for pulling 
surface 190 of biological barrier 192 into suction cup 186. Suction arrangement 194 and side 

30 trough 196 are configured so that suction arrangement 194 pulls biological barrier 192 via side 
trou^ 196. Therefore, after surface 190 of biological barrier 192 has made contact wifli the 
microneedles of fluid transport configuration 40, biological barrier 192 is pulled into side 
trough 196 thereby pulling surface 190 of biological barrier 192 across surface 44 of 
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substrate 42 of fluid transport configuration 40 in a sliding direction of microneedles 46. It 
should be noted that to enable consistent use of terminology, even though microneedles 46 are 
stationary, the sliding direction is defined with respect to microneedles 46 and not tiie sliding 
direction of surface 190 of biological barrier 192. 

Reference is now made to Figs. 1 la-1 Id. Fig. Ila is an isometric view of a microneedle 
device 198 which is constracted and operable in accordance with a preferred embodiment of the 
present invmtion- Fig. llbisaplanviewof device 198 of Fig. 11a. Fig. 11c is across-sectional 
view tirough line A-A of Fig. 1 lb prior to use of device 198. Fig. 1 Id is a cross-sectional view 
tiuough line B-B of Fig. 1 lb prior to use of device 198; Device 198 is for transporting a fluid 
through a surface of a biological barrier. Device 198 is designed for continuous delivery of fluid 
or where it is impossible to maintain suction of die biological barrier for a long time. By way of 
introduction, pressure below die surface of tiie biological barrier, mainly due to die fluid being 
injected, tries to eject the microneedles from the biological barrier. This problem is more 
pronounced for shorter microneedles, and pyramidal microneedles, in particular. Device 198 
reduces the problems associated with tiiis below surface pressure, by ensuring mat die 
microneedles are inserted at an inclined angle to the normal surface of die biological barrier, as 
will be described below. Therefore, the pressure below the surface of die hioiu^^in barxier is 
effectively neutraHzed. Device 198 includes a fluid transport configuration 200 including a 
substrate 202 having a surface 204. Fluid transport configuration 200 also includes a plurality of 
microneedles 206 projecting from surface 204. Each microneedles 206 has a cutting edge and a 
penetrating tip. Device 198 includes an abutment member 208 having an abutment surface 210 
for abutting the biological barrier. Abutment surface 210 is typically attached to the biological 
barrier using a suitable adhesive or clamping device (not shown). Adhesion can be achieved by 
die use of a wide range of adhesives or adhesive tapes which are designed for use in medical 
applications, as are well known in die-arL Most preferably, abutment surface 210 substantially 
encircles fluid transport configuration 200 on tiiree sides. This creates a convex shaped pocket 
of the biological barrier. The biolo^cal barrier needs to have some give so that device 198 can 
create a "step" in die surface of die biological barrier, as will be described in more detail widi 
reference to Fig. llh below. Device 198 includes a displacement device 212 mechanically 
linking abutment member 208 and flnid transport configuration 200. Displacement device 212 
includes two blocks 214, 216. Block 214 is mechanically connected by a hinge 218 to abirtoent 
member 208. Block 214 is mechanically connected by a hinge 220 to one end of block 216. 
Fluid transport configuration 200 is disposed on die other end of block 216. Block 216 includes 
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two projections 222 projecting from the side of block 216. Projections 222 are disposed close to 
the end of block 216 having fluid transport configuration 200 thereon. Abutment member 208 
includes two slots 224. Slots 224 extend ahnost parallel to a plane lying on abutment 
surfece210. Projections 222 are configured for sliding along slots 224. The degree of 

5 parallelism of slots 224 with flie plane of abutment surface 210 is used to control how fluid 
transport configuration 200 approaches the skin. In use, flie joint between block 214 and 
block 216 is depressed. As the movement of displacement device 212 is restricted by 
hinges 218, 220 and guided by projections 222 moving along slots 224, fluid transport 
configuration 200 moves through a rotational and linear path. Therefore, displacement 

10 device 212 defines a rotational path of movement of fluid transport configuration 200 relative to 
abutment member 208 about an axis substantially parallel to tiae initial oiieatation of the surface 
of tiie biological barrier. The tenn "rotational path" is defined herein to mclude the possibility 
of linear motion with rotation motion. The term "substantially"' parallel is defined as within 30 
to 60- degrees of tiie initial orientation of tiie surface of the biological barrier. The term "initial 

15 orientation of the surface'' is defined as the initial orientation of the surface of tiie bioiogicai 
barrier before the surfece of flie barrier is moved or stretched or flexed by device 198. 

Reference is now made to Fig. lie. A single push of uiiiplai;ciueiJLt device 212 in the 
direction of an arrow 226, moves fluid transport configuration 200 through a rotation path. 
Displacement device 212 also includes a connection 230 to a reservoir (not shown) for storing 

20 tiie fluid for injecting. Connection 230 is typically a tube or any otiier comnaon connection such 
as a luer connector. An arrow 228 depicts tiie direction of flow of tiie fluid tiurough 
displacemCTit device 212 into fluid transport configuration 200. The fluid is typically driven by 
an infusion pump. Reference is now made to Fig. lie, which is a cross-sectional view tiirough 
line A-A of Fig. lib showing device 198 in an intermediate position of displacement 

25 device 212. 

Reference is now made to Fig. 1 if, which is a cross-sectional view through line A-A of 
Fig. lib showing device 198 m a final positiorL Fig. 1 If shows the in-use position of device 198 
where the fluid is injected tiirough microneedles 206 of fluid transport configuration 200. 
Displacement device 212 is self-locking due to tiae geometry of displacement device 212. 
30 Additionally, device 198 is a low-profile device making it suitable for long-term fluid-transfer 
use. 

Reference is now made to Fig. 1 Ig and 1 Ih- Fig. 1 Ig is an expanded \dew of region B of 
Fig. 11c showing device 198 prior to msertion mto a biological hairier 2.32. Fig, llh is an 
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expanded view of regioa C of Fig. llf showing the device 198 inserted into biological 
barrier 232. Microneedles 206 andior the surfece of biological barrier 232 as displacement 
device212 starts to rotate (Fig. llg). E«splacement device212 rotates creating a "step" in 
biological barrier 232. Nficioneedles 206 penetrate into Ihe vertical surface of the "step" (Fig. 
5 llh). Microneedles 206 are disposed on surface204 so that a cutting edge234 of 
nd^oneedles 206 is feeing into the surfece of biological barrier 232. Tlie direction that cutting 
edge 234 faces affects two fectots. First, the effect of pressure of ihe biological barrier tiying to 
eject the microneedles. Second, fluid leakage along the microneedles sloping sides. The above 
embodiment has cutting edge 234 facing into the surfece of biological barrier 232 thereby 

1 0 reducing fluid leakage. 

Reference is now made to Figs. Hi and llj. Fig. Hi is apartial cross-sectional view of a 
nrioroneedle device 236 prior to insertion into the biological barrier having nucroneedles 238 
feeing tiie opposite direction to that of device 198 ofFig. 11a. Fig. llj is a view of device 236 
of Fig. Hi inserted into the biological banier. Each microneedle 238 has a cutting edge 240. 

15 Microneedles 238 are disposed so that the cutting edge faces toward the surface of ihe 
biological barrier thereby canceling the effect of pressure acting as an ejector of the 
microneedles. 

It wfll be appreciated by persons skiUed in the art that the present invention is not 
limited fo what has been particularly shown and described hereinabove. Rather, the scope of 
20 the present invention mcludes both combmalions and sub^jombinations of Ihe various features 
described hereinabove, as weU as variations and modifications thereof that aie not in the prior 
art which would occurto persons skilled in the art upon reading the foregoing description. 



